The purpose of this paper is to analyze the fluid and moving boundary problem by fictitious domain method with Lagrange multiplier. The incompressible Navier-Stokes equation is used in this paper. To solve this equation, fictitious domain method with Lagrange multiplier is applied. For the analysis of the finite element method, the mixed interpolation based on the bubble function is presented. In fictitious domain method, this method is not necessary to remeshing. Additionally, the calculation time is decreased, and the amount of memory is reduced. It is necessary to approximate by using interpolation function for the Lagrange multiplier. However, it is difficult to integrate the formula. The Delta function of Dirac is used here. Two kinds of meshes are used for fictitious domain method. One of meshes is used as computational domain, the other is used as a bounded domain. In this research, it is analyzed to move the object by the fluid force (drag force) in 3-dimension. In fictitious domain method, it is easy to obtain the fluid force. Because it is defined the Lagrange multiplier is equal to the traction in each node on a bounded domain. The pressure and flow velocity when the object moves are verified. And advantages of fictitious domain method based on distributed Lagrange multiplier are investigated.
INTRODUCTION
In recent years, it becomes possible to analyze the large scale domain and moving boundary problem by the scheme of finite element method and performance gain of computer. But there are some problems. The conventional finite element method had to be remesh to adjust the transformation of computation domain in the moving boundary problem. Remeshing procedure has a lot of problems on the complicated and large scale computation, such as increase of calculation time and memory. In addition, the remeshing technique is needed. On the other hand in case of fictitious domain method, it can solve these problems. In the moving problem, the objective mesh can move on the computational mesh without fitting a node. Therefore, fictitious domain method is not necessary to remesh, and memory amount and computational time are saved and become shorter. As the example of the moving boundary problem, the object free falls and vibrates and spouts and so on. There is a wind propeller as an example of the actual problem. A wind propeller is rotated by the fluid force.
A FICTITIOUS DOMAIN METHOD
In the finite element method, it is necessary to fit to the boundary when the moving boundary problem is treated. The method of the expression of the flow-field and the analysis for the ALE (Arbitrary LagrangianEulerian) and the Lagrange has been used. However, the calculation often fails in a large model when the method of conventional moving boundary problem, for example, the ALE method. To such weak points, Glowinski made the area of fictitious where the area with a movement was included an analytical domain. In addition, one solution was given as a boundary value problem with the restriction condition by using the Lagrange multiplier. This is called fictitious domain method. The advantage of this method is not to need the remeshing the element according to the movement of the object. When analyzing two kinds of meshes are prepared, lap a mesh over another. It is possible to analyze while moving only the object mesh. Therefore, the remeshing in each time step becomes unnecessary.
A basic idea of fictitious domain method using the Lagrange multiplier is as follows.
(a) The place where the object is originally located in, and the whole analysis domain is filled with the fluid.
(b) The behavior of the object is reflected in the fluid in the space where the object is originally located.
(c) The Lagrange multiplier is used to reflect the movement of the object in the fluid.
NUMERICAL STUDY

NAVIER STOKES EQUATIONS
As the state equation of the incompressible viscous fluid, the incompressible Navier-Stokes equation is employed which is expressed as;u
where Ω is the whole computational domain and filled with fluid, ω is the domain contained in Ω, Γ is the boundary ∂Ω, γ is the boundary ∂ω, g 0 and g 1 are boundary conditions. The given function g 0 , and g 1 are defined over Ω\ω. u i represents velocity, p is the pressure, and ν represents the inverse of Reynolds number, respectively. (1) - (5) 4 DISCRETIZATION
FINITE ELEMENT INTERPOLATION
The θ scheme is employed for the temporal discretization of momentum equation (1) . In this study, θ is assumed as 0.80. The Galerkin formulation is employed for the spatial discretization. The weighting residual equation is written as follows.
where ω i and q i are weighting functions. t i represents traction on the boundary ∂ω. As for the spatial discretization, the bubble function interpolation for the velocity and the linear interpolation for pressure is applied and expressed as follows, for bubble function interpolation
for linear interpolation and
where L 1 -L 4 the linear interpolation function. 
FICTITIOUS DOMAIN FORMULATION
Fictitious domain method is applied to the basic equation, and the finite element interpolation can be written as follows.
where ω i and µ i are weighting functions. λ i is Lagrange multiplier defined by the area ω.
Next, it is necessary to approximate by using interpolation function for the Lagrange multiplier defined on the area ω and the weight function. However, it is difficult to integrate by Ω and ω. The Delta function of Dirac is used here. Therefore, approximation Lagrange multiplier λ and approximation weight function µ to it are as follows,
then the integration on the domain ω can be written as follows,
the finite element equation in the area Ω e is displayed in the matrix as follows,
it is a constant coefficient that is expressed α ≥ 0. N d is number of objective domain nodes. The fluid is given as shown in Figure 7 . The drag force is used for the analysis. In fictitious domain method, it is defined that the Lagrange multiplier shows by the following expressions equal to the traction in each node in the object circumference.
NUMERICAL EXAMPLE
This expression is integrated in the object circumference. Then the fluid force that the object receives can be shown by the following expressions.
The motion equation is applied to obtain the displacement and velocity. The boundary conditions are given in equations (24) -(27). 
